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Background
Urinary tract infection (UTI) is the most common bacterial infections worldwide, and a frequent finding in general clinical practice (1, 2) . This infection was diagnosed originally by the presence of at least 10 5 colony-forming units (CFU) of a single uropathogen in a urine specimen. However, in recent years, the cut-off limit has been reduced as bacterial count of ≥ 10 3 and 10 2 CFU/mL (2, 3) . UTI accounted for 25% -40% of the nosocomial infections, and approximately 80% of cases associated with the use of urinary catheters (4, 5) .
Escherichia coli and Klebsiella pneumoniae are the most important causal agents of Gram-negative bacteriuria both in hospital and community acquired UTIs (2, 6) .
Extended-spectrum β-lactamase (ESBL)-producing E. coli and K. pneumoniae are an emerging cause of UTI worldwide, often resistant to commonly prescribed antimicrobial agents (7, 8) . The prevalence of ESBLs in clinical E. coli and K. pneumoniae isolates in Iran has been found to be 21% -56% and 12% -69.7%, respectively (9) (10) (11) (12) (13) (14) (15) . TEM and CTX-M are most common kinds of ESBLs worldwide. Phylogenetically, CTX-M enzymes have been classified into 5 major groups based on their amino acid similarities: the CTX-M-1 cluster (CTX-M-1, -3, -10, -11, -12, -15, -28, and FEC-1), the CTX-M-2 cluster (CTX-M-2, -4, -5, -6, -7, -20, and TOHO-1), the CTX-M-8 cluster (CTX-M-8), the CTX-M-25 cluster (CTXM-25 and -26), and the CTX-M-9 cluster (CTX-M-9, -13, -14,-16, -17, -19, -21, -24, -27, and TOHO-2). The extraordinary dissemination of the bla CTX-M genes in mobile genetic elements, including plasmids and transposons worldwide has been referred as the CTX-M pandemic (16) . The co-resistance occurrence, particularly to aminoglycosides and fluoroquinolones was ob-served in CTX-M producing organisms (17, 18) . The TEMtype ESBLs are derivatives of TEM-1 and TEM-2. They can hydrolyze third-generation cephalosporins and are inhibited by clavulanic acid (19) . This study was conducted to assess the prevalence of multidrug resistance of ESBL-producing clinical isolates of E. coli and K. pneumoniae in Tehran hospitals as well as the molecular characterizations of some ESBL genes, with an emphasis on occurrence rates by sex.
Materials and Methods

Clinical Isolates
A total of 127 K. pneumoniae and 63 E. coli isolates were collected from different teaching hospitals in Tehran, Iran, during 2009 -2010. These isolates were taken from male (n = 62) and female urine cultures (n = 128). The isolates were identified by conventional biochemical tests as K. pneumoniae and E. coli.
Susceptibility Tests and Confirmation of ESBL Production
Susceptibility testing was conducted by disk diffusion according to the guidelines of the clinical and laboratory standards institute (CLSI). Twelve antimicrobial disks (Mast group; UK) included amoxicillin, cefoxitin, ceftazidime, cefotaxime, cefepime, aztreonam, gentamicin, amikacin, tetracycline, co-trimoxazole, imipenem, and ciprofloxacin. E. coli ATCC 25922 was used for quality control purposes in susceptibility testing. The ESBL phenotype was detected by combined disk methods using disks of ceftazidime and cefotaxime with and without clavulanic acid. The MICs was determined by agar dilution method using ceftazidime and cefotaxime with (4 mg/L) and without clavulanic acid (20) .
Polymerase Chain Reaction Amplification of ESBL Genes
The specific primers for diverse CTX-M groups (CTX-M-1, CTX-M-2, and CTX-M-9 groups) and TEM β-lactamase, as described previously, were used (21, 22) .
These specific primer pairs were as follows: M1-F:5'-GGTTAAAAAAT CACTGCGTC-3' and M1-R: 5'-TTGGTGACGATTTTAGCCGC-3' (for bla CTX-M-1 , amplicon size: 864 bp) , M9-F: 5'-ATGGTGACAAAGAGAGTGCA-3' and M9-R: 5'-CCCTTCGGCGATGATTCTC-3' (for bla CTX-M-9 , amplicon size: 869), M2-F: R: 5'-ATGATGACTCAGAGCATTCG -3', M2-R: 5'-CCCTTCGGCGATGAT TCTC -3' (for bla CTX-M-9 , amplicon size: 869), and TEM-F: 5'-ATGAGTATTCAA CATTTCCG -3', TEM-R: 5'-CCAATGCTTAATCAGTGAGG -3' (for bla TEM , amplicon size: 850). Amplification reactions were performed in a total volume of 25 µL of reaction mixture containing 5 µL of 10 × PCR buffer, 2.5 mM Mgcl 2 , 200 µM dNTPs, 1.25 units of Taq polymerase, 10 pmol of each primer, and 1 µL of sample DNA. Amplification reactions were carried out in an Eppendorf thermal cycler (Eppendorf AG, Hamburg, Germany), with an initial denaturation (4 minutes at 94°C), followed by 30 cycles of denaturation (60 seconds at 94°C), annealing (30 seconds at 55°C), and extension (1 minute at 72°C), with a single final extension of 5 minutes at 72°C. DNA template from control clinical strains with well characterized CTX-M (groups 1, 2, 9) and TEM β-lactamases were used as the positive controls for PCR (23) . The PCR products were analyzed on 1% agarose gels stained with ethidium bromide.
Statistical Analysis
Comparisons of proportions were tested using the χ 2 -test with SPSS version 19. A value of P < 0.05 was considered significant.
Results
Antimicrobial Susceptibility
The antibiogram results are shown in Table 1 . As shown, maximal resistance in both microorganisms was found against amoxicillin (89.7% and 92%), followed by ceftazidime (51.1% and 55.5%), cefotaxime (50.3% and 71.4%), and cefoxitin (61.4% and 41.2%). Only 8.6% of K. pneumoniae isolates were resistant to ciprofloxacin, while with E. coli isolates, the rate of ciprofloxacin resistance was 36.5% (Table 1) . Although the resistance rates to tetracycline (79.3%) and co-trimoxazole (69.1%) were high in E. coli isolates, these were almost moderate in K. pneumoniae isolates (36.2% and 30.1%, respectively). The resistance rate to other antibiotics was almost similar and imipenem was effective against for all K. pneumoniae and E. coli isolates. Resistance rate differences could be related to the sex, although it was not significant in all cases. According to the Table  1 , drug resistance in both bacteria isolates from male patients' urine was higher than the female isolates. The resistance rate to ceftazidime, cefotaxime, cefepime, aztreonam, and gentamicin was significantly (P < 0.05) higher in K. pneumoniae isolates from male patients' urine. In E.
coli isolates, significant (P < 0.05) differences were found to ceftazidime, cefotaxime, cefepime and co-trimoxazole.
Co-resistance to all tested antibiotics (except imipenem) was detected in 6.3% (4 out of 63) of E. coli isolates, while, this multi-resistance pattern rates was 18.7% (3 out of 16) in male and 2.1% (1 out of 47) in female samples. In K. pneumoniae, simultaneous resistance to all tested drug (except imipenem) was detected only in 1 isolate from male and 1 from female samples.
Of 127 K. pneumoniae isolates, 65 (51.1%) were resistant to ceftazidime (MIC > 4 mg/L) and 64 (50.3%) were resistant to Table 2 ). All resistant isolates to ceftazidime and cefotaxime were screened by combined disk test for ESBL production.
The differences in inhibition zones of β-lactam disks with and without clavulanic acid were 8 to 23 mm. As shown in Figure 1 , the ESBL phenotype was detected in 55.5% of E. coli and 46.4% of K. pneumoniae isolates. Co-resistances to amikacin, gentamicin, tetracycline, and co-trimoxazole were common in both ESBLs organisms. The relative resistance rate of the ESBL-producing K. pneumoniae to various antibiotics was higher than E. coli isolates, although some trends were observed: E. coli isolates were more resistant to ciprofloxacin, tetracycline, and co-trimoxazole. In ESBL producer, the MIC 90 of cefotaxime and ceftazidime were 512 mg/L for E. coli and 256 mg/L for K. pneumoniae isolates. There was also a high rate of ESBL-producing E. coli (87.5% vs. 44.6%) and K. pneumoniae (58.6% vs. 39.5%) isolates from male patients' urine. The difference of ESBL production in relation to sex was significant (P < 0.05) in E. coli isolates.
Detection of Resistant Genes
Polymerase chain reaction (PCR) was performed for detection of CTX-M group genes in all cefotaxime resistant isolates according to the results obtained by antibiogram tests. Twenty-nine (46%) K. pneumoniae and 13 (66.6%) E. coli isolates carried the bla CTX-M-1 group alleles. The prevalence of blaCTX-M1 carrying isolates among ESBL-producing K.
pneumoniae and E. coli isolates was 49.1% and 85.7%, respectively. Co-resistances to all tested β-lactams (except imipenem) among bla CTX-M-1 carrying K. pneumoniae and E. coli isolates was found in 21 (72.4%) and 10 (33.3%) isolates, respectively, and simultaneous resistance to other antibiotic families were more common. None of our isolates were positive for CTX-M groups 2 and 9.
The MICs for bla CTX-M1 carrying isolates were determined for ceftazidime and cefotaxime with and without inhibitor ( Table 3 ). The MIC of ceftazidime and cefotaxime were 8 to 512 mg/L. The 58.6% of K. pneumoniae and 46.6% of E. coli isolates had high level resistance (≥ 256 mg/L) for cefotaxime, while for ceftazidime; this was 34.4% and 23.3%, respectively.
The phenotypic ESBL agar dilution confirmatory test for bla CTX-M-1 carrying isolates was positive, and the prevalence of ceftazidime and cefotaxime resistant isolates dramatically decreased from up to 3-6 dilution in the presence of clavulanic acid (Table 3) .
All ESBL producer isolates were screened for the presence of bla TEM genes, in which 24 (68.5%) of E. coli and 35(59.3%) of K. pneumoniae isolates carried the bla TEM genes (Figure 2 ). Simultaneous carrying of bla CTX-M and bla TEM genes was observed in 24(68.5%) of E. coli and 20(33.3%) of K. pneumoniae isolates.
The presence of ESBL phenotype and resistant genes in both microorganisms according to the patient sex was Arch Clin Infect Dis. 2016; 11(2):e32696.
3 shown in Figure 2 . In E. coli and K. pneumoniae isolated from male patients' urine samples, the resistant genes were found at least two fold higher than females' isolates.
Discussion
The number of ESBL-producing Enterobacteriaceae reported cases all over the world has continued to rise faster coli and K. pneumoniae (1) . These enzymes hydrolyze thirdgeneration cephalosporins and are inhibited by clavulanic acid. Regarding the prevalence of the ESBLs genotype (e.g. CTX-M, TEM) and also geographical variation in the occurrence of different ESBL variants (e.g. CTX-M-1, CTX-M-9), the present study provides further data concerning urinary isolates of E. coli and K. pneumoniae (among them the relationship between the rate of resistance and patient sex) in Tehran, Iran.
The high ESBL occurrence determined for E. coli (55.5%) and K. pneumoniae (46.4%) in this study is nearly identical to the values found in previous studies conducted in Tehran (11, 12, 23) . Surveillance data reported various levels of ESBL-producing strains of K. pneumoniae and E. coli throughout the world. The ESBL rates in northern Europe, north America, and Australia is 5%-10%, in contrast, high level ESBL producer K. pneumoniae and E. coli were found in Syria (≥ 60%), India (≥ 80%), China (≥ 60%), and other areas in east and southeast Asia, southern Europe (≥ 30%) (21, 22, 24) .
The ESBL producers are frequently resistant to non-β-lactam antibiotics, including aminoglycosides and quinolones. In our ESBL isolates, high rates of resistance were found against amikacin, gentamicin, tetracycline, and co-trimoxazole, but the ciprofloxacin resistance was higher among E. coli (40%) compared to K. pneumoniae (15%) isolates. The ciprofloxacin resistance is mainly encoded chromosomally, while other co-resistances are often encoded by the same plasmids that determine the ESBL (8, 17, 19, 21) .
The dramatic shifts reported in the types of ESBLs from Europe, Asia, and South America, with strains producing CTX-M becoming dominant (19, 21, 24, 25) . The urinary ESBL E. coli and K. pneumoniae isolates in this study were carried high rate of bla CTX-M gene (46.7% and 22.8%, respectively) and bla TEM genes (30% and 27.5%, respectively). In K. pneumoniae isolates, the rate of bla TEM genes was slightly higher than bla CTX-M gene, in contrast, the bla CTX-M gene was predominant in E. coli, and all bla TEM carrying isolates, simultaneously contained bla CTX-M genes.
Regarding the geographical occurrence of specific CTX-M genotypes, bla CTX-M-1 is the only genotype that was detected in this study. In previous studies conducted in Tehran, the CTX-M-1 and CTX-M-3 were reported the prevalent CTX-M enzymes (10, 12, 23) .
Regarding sex differences in the rate of resistance, higher rates of ESBL phenotype presence, bla CTX-M-1 , bla TEM , bla CTX-M-1 , and bla TEM gene were seen for E. coli and K. pneumoniae strains in male patients' urine. Also, higher rates of resistance to amoxicillin, cefoxitin, ceftazidime, cefotaxime, cefepime, aztreonam, gentamicin, amikacin, tetracycline, co-trimoxazole, and ciprofloxacin were seen for both organisms in male patients' urine. The exact reason for these differences is not clear; however, the faecal colonisation of resistance isolates in male patients could be responsible. Although, there is no studies to address this speculation.
The high resistance observed in this study could be due to the lack of a strict policy of antibiotic use in our country. The use of third and fourth generation cephalosporins has been reported the most important selective pressure in the appearance of different genotype and ESBL variants (25) . The specific monitoring studies are needed to detect the association between specific antibiotic consumption and antimicrobial resistance.
In summary, CTX-M1 was dominant in E. coli and K. pneumoniae isolates and imipenem has remained quite active against more resistant strains. In addition, co-production of different ESBLs was frequently detected in both organisms. Finally, a high prevalence of ESBL genes was detected in E. coli and K. pneumoniae isolated from male patients' urine.
